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Abstract 
 
New evidence suggests that reductions in sedentary behavior may increase physical activity and 
improve health. These findings point to new behavioral targets for intervention and new ways to 
think about intervening to increase overall physical activity in the population.  This report 
provides a knowledge update reflecting the rapid accumulation of new evidence related to 
sedentary behavior and health among adults. Recent observational studies suggest that leveraging 
the time-inverse relationship between sedentary and active behaviors by replacing sitting with 
standing, light or moderate-intensity activity can have important health benefits, particularly 
among less active adults. Clinical studies are providing evidence of the probable physiologic 
mechanisms underlying these associations, as well as insights into the cardiometabolic impact of 
breaking up and reducing sedentary behavior. In contrast to the well-established behavioral 
theories that guide the development and dissemination of evidence-based interventions to 
increase moderate-vigorous intensity physical activity (MVPA), much less is known about how 
to reduce sedentary time in order to increase daily activities. It has become clear that the 
environmental, social and individual level-determinants for sedentary time are distinct from 
those linked to the adoption and maintenance of MVPA. As a result, novel intervention strategies 
that focus on sitting and lower intensity activities by leveraging the surrounding environment 
(e.g., workplace, school, home) as well as individual-level cues and habits of sedentary behavior 
are being tested to increase the potency of interventions designed to increase overall physical 
activity. Herein we summarize the solutions-oriented research across the behavioral research 
framework, with a focus on highlighting areas of synergy across disciplines and identifying gaps 
for future research. 
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Introduction 
 
Behaviors done while sitting or reclining that require little energy expenditure (i.e., sedentary 
behaviors), are ubiquitous in modern societies.  Western populations spend an average of 8.5 
hours/day—nearly 60 hours/week—sedentary (12). Higher levels of sedentary behavior are 
associated with increased risk for type 2 diabetes, cardiovascular disease, some cancers and 
mortality, even after accounting for participation in recommended amounts of moderate-vigorous 
intensity activity (i.e., ≥3 METs) e.g., (6, 27). In daily life sedentary behaviors are tightly linked 
in a zero-sum time-use relationship with overall physical activity (13), getting up out of your 
chair invariably results in increased physical activity, albeit typically of a low intensity. The 
evidence linking sitting to poor health therefore suggests that health benefits may be derived 
from many lower intensity physical activities of everyday living if they displace or disrupt 
prolonged sitting. For clarity and contrast, we refer to recommended amounts of moderate-
vigorous intensity activity as ―exercise‖ and use the terms sitting and sedentary behavior 
interchangeably throughout this paper (60).  To date, efforts to increase physical activity in the 
population have largely focused on increasing moderate-vigorous intensity activity (60), with 
little attention to reducing sedentary behavior or increasing lower intensity physical activity.  
Thus, efforts that target sedentary behavior as a means to increase physical activity is a new 
behavioral leverage-point that could help us increase overall physical activity and induce health 
benefits within the population. 
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The compelling evidence linking sedentary behavior to poor health has stimulated 
intensive research across the spectrum of public health and biomedical research disciplines. 
Figure 1 borrows from the framework presented by Owen et al., (58) to illustrate the dynamic 
and synergistic research ecosystem that has developed across diverse fields including 
epidemiology, physiology, medicine, and behavioral science, which have collectively evolved 
into a coherent evidence-base that has started to inform public health policy (10).  Importantly, it 
is becoming clear that the environmental, social and individual level-factors that positively or 
negatively influence how much time is spent in sedentary behavior (i.e., the determinants of 
behavior) time are distinct from the factors linked to the adoption and maintenance of exercise 
(43). For example, environmental and contextual factors (i.e., external cues, personal habits) may 
play an even larger role in determining sedentary behavior than for exercise (18, 58). As a result, 
novel intervention strategies that leverage the surrounding environment (e.g., workplace, school, 
home) as well as individual-level cues and habits of sedentary behavior are now being tested to 
increase the potency of behavioral interventions designed to increase overall daily activity (18, 
47, 48).  These findings suggest a number of new intervention approaches that could be 
important adjuncts to efforts to increase moderate-vigorous intensity lifestyle activities or 
aerobic exercise (24, 42) by harnessing powerful additional health benefits of lower intensity 
physical activities of everyday living.  
 
This report is based on a Symposium entitled, "Targeting Sitting to Increase Activity and 
Improve Health‖ from the 2016 American College of Sports Medicine Meeting and provides a 
state of knowledge update reflecting the rapid accumulation of new evidence related to sedentary 
behavior and health among adults.  This is not intended to be a systemic review of all studies in 
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each of these research areas, but rather our objectives are to discuss the integration and synergies 
between the aforementioned research disciplines that are illustrated in Figure 1. We focus on 
summarizing important new findings within the rapidly advancing science in each of these 
important areas of inquiry, and discuss how strategies to decrease sedentary time complement 
and extend existing strategies to increase exercise. We also identify the current research gaps and 
discuss how each of these distinct areas of research can inform each other to promote evidence-
based public health and policy approaches to target sitting and improve population health.  
 
 
Observational Epidemiologic Studies Linking Sedentary Behavior to Poor Health 
 
In the last decade, a large body of observational evidence has emerged indicating that 
excessive daily sitting time and sedentary television viewing are associated with early mortality 
and poor health. This evidence has been summarized in several recent meta-analyses e.g., (6, 29, 
67).  For example, Biswas and colleagues reported a 22% increased mortality risk among those 
reporting more sedentary time, based on 14 prospective studies published since 2008 (6). 
Additional meta-analyses have found increased risk for colon and endometrial cancer, type 2 
diabetes and CVD (6, 67) and six additional causes of death have been linked to high amounts of 
television viewing (39).  All of the meta-analyses evaluated results after adjustment for time 
spent in exercise. In a harmonized meta-analysis of 13 prospective studies, Ekelund and 
colleagues reported that exercise at levels two to three times greater than the current 
recommendations (>35.5 MET-hrs/wk, or 60-75 min/day or walking) were needed to eliminate 
the excess mortality risk associated with sitting more than 8 hrs/d and to substantially lower risk 
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from TV viewing more than 5hrs/day (27). Collectively, this evidence indicates that 
recommended levels of exercise (7.5-15 MET-hrs/wk) do not fully protect against the hazards of 
too much sitting, and that the adverse effects of sitting are stronger for those who were 
physically inactive (i.e., no exercise) compared to those who are active (6). Previous research has 
reviewed this evidence and identified important gaps, including a need for better measures of 
sitting and understanding why associations are stronger for TV as compared to other sitting 
measures (6, 27). The next logical question becomes what type and intensities of physical 
activity should be promoted to replace sedentary behaviors in order to increase daily activity and 
achieve health benefits?   
 
 
Estimating the health impact of replacing sedentary time 
 
A number of epidemiologic studies have now examined whether there are benefits for 
replacing sedentary time with a broad range of physical activities. In 2009, Mekary and 
colleagues applied substitution models, an approach that statistically estimated the health impact 
of replacing an equal amount of time in one type of behavior with an equal amount of time in 
another while holding the effects of each type of activity and total time constant (55).  Although 
this method can only estimate the potential benefits of reducing sedentary time, not the actual 
impact of changing behavior on health, it provides useful insight, particularly about hard disease 
end-points that are not typically evaluated in experimental trials.  Numerous cross-sectional 
studies and several prospective studies over the past five years have used this approach, and we 
highlight a few papers that reflect important findings of this new research.   
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In the largest isotemporal study to date involving over 150,000 individuals and 20,000 
deaths, Matthews and colleagues reported a 42% mortality reduction for replacing 1 hr/d of 
sitting with 1 hr/d of exercise among low-active individuals (<2 hours/day of total activity) and a 
20% mortality benefit for replacing sitting with 1 hr/d of light-intensity activity.  For more active 
individuals (i.e., ≥2 hours/day of total activity), the only mortality benefit was a 9% lower risk 
for replacing 1/hr day of sitting with exercise (52). Similar analyses were conducted in 
NHANES, a nationally representative survey of US adults using hip-worn accelerometer-derived 
measures of sedentary time and activity and reported mortality benefits for replacing sedentary 
with light and moderate-intensity activity (28, 51).  Matthews et al. again found that replacing 1 
hr/d of sedentary time with 1 hr/d of either light or moderate-vigorous intensity activity was 
associated with 18% and 42% lower mortality, respectively among less active adults, as 
determined by median split of < 5.8 hrs/d of total activity (51). For more active adults, who were 
already at 50% lower risk, there was no mortality benefit for replacing sedentary time with 
additional light or moderate-vigorous activity (51), findings consistent with dose-response 
relations with mortality for moderate-vigorous intensity exercise (1, 30) and cardiorespiratory 
fitness (7) . A consistent finding across these studies is that less active people benefit the most 
from replacing sedentary behavior with both light and moderate-vigorous intensity physical 
activity.  
 
Investigators have also used isotemporal models to estimate the impact of replacing 
sitting with stepping/walking or standing, as standing has also been linked with lower mortality 
(37). In a large sample of Australian adults, Stamatakis et al. showed mortality benefits for 
replacing sitting with either standing (4% lower risk) or walking (10% lower risk) based on self-
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report questionnaires (71).  In a cross-sectional study using the activPAL monitor, Healy et al. 
showed beneficial impact of replacing sitting with either standing or stepping on HDL 
cholesterol and triglycerides. However, for BMI and waist circumference replacing sitting with 
stepping was beneficial while replacement with standing was not (32). These findings are 
consistent with the experimental evidence described below that shows benefits of replacing 
sitting with standing for cardiometabolic risk factors, despite little difference in energy 
expenditure.  
 
As our measurement tools that capture the full waking day (as well as sleep) expand, 
statistical methodology to deal with such data is an important area of future research. 
Compositional data have also been used to estimate behavioral trade-offs in relation to disease 
biomarkers (16) and have reported similar conclusions as the isotemporal analyses, showing 
benefits for replacing sedentary with light activity and typically stronger associations for 
replacement with moderate-vigorous intensity (11, 16). It is not currently known whether there 
are optimal distributions of active and sedentary time for specific health outcomes. There are 
likely thresholds at both the low and high end of the intensity spectrum; as an extreme example, 
16 hours of continuous sitting and 16-hrs of running are both infeasible and likely associated 
with poor health outcomes. To date, questionnaire-based measures have been unable to measure 
the full intensity spectrum with enough precision to estimate these balance points, but this is an 
important area of future research that may be feasible using activity monitors. Additionally, 
although results from these studies have begun to explore the health trade-offs between sedentary 
and active behaviors, it is important to note that all of the studies described above have employed 
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statistical models to estimate the probable health benefits of replacing sitting for activity, but not 
the health effects of actual changes in behavior.  
 
 
Changes in sedentary time in relation to health  
 
A few prospective studies have measured total sitting time and television viewing at 
multiple time-points allowing researchers to estimate the health effects of increasing or 
decreasing sedentary behavior over time. In the largest study to date, Keadle et al. evaluated 
older (50-71y) US adults, who reported television viewing time at two time-points (8 years apart) 
who then were followed for mortality for an additional 6 years (38). Compared to adults who 
consistently watched television < 3 h/day, those who increased viewing time from less than 3 
h/day to 3-4 h/day had an 18% greater mortality risk and those who increased from < 3 to more 
than 5 h/day had a 45% greater risk (38).  Conversely, reducing television viewing from 5+ h/day 
to either 3-4 h/d or less than 3 h/day was associated with 10-15% lower mortality. Importantly, 
these results were adjusted for many possible confounding factors as well as changes in exercise 
over time.  Two studies have examined changes in overall sitting and mortality.  In a cohort of 
older Spanish adults, Leon-Munoz et al. reported a 14% reduction in all-cause mortality among 
those who decreased sitting time, though the association did not reach statistical significance 
(46).  In the Women‘s Health Initiative study, Lee et al. compared women who maintained high 
levels of sitting (>10 h/day) over 6 years to women who reduced sitting to <9 h/day over time 
and found that women who reduced their sitting had a 35% lower mortality (45).  These findings 
are consistent with several prospective studies that demonstrated increasing sedentary time and 
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televising viewing are associated with adverse changes in cardiovascular disease and breast 
cancer biomarkers (e.g., (76, 77)).  
 
Prospective epidemiologic studies remain the primary source of information about the 
link between sedentary behavior and risk for developing or dying from disease. Results from 
these natural experiments that prospectively investigate changes in sedentary behavior provide a 
preliminary estimate of the mortality benefits that might be expected from efficacious 
interventions.  Future intervention studies targeting television viewing or sedentary time in 
relation to intermediary biomarkers will help to contextualize these findings in a mechanistic 
framework.  In the next section we describe results from experimental studies that provide 
insight into the biological mechanisms underlying these associations suggested by the 
observational literature. 
 
 
Physiologic and Mechanistic Studies: Solutions-based Experimental Studies 
 
Epidemiological evidence has been fundamental to the generation of specific hypotheses 
relating to excessive sedentary behavior, particularly the importance of reducing the overall 
volume of sitting time as well as avoidance of prolonged periods of unbroken sitting. In 
recognition that excessive sitting is a highly prevalent risk behavior, human experimental studies 
have begun to address the impact of prolonged sitting time on cardio-metabolic health 
parameters (3). The notion that prolonged sitting may have deleterious biological consequences 
is not considered to be ‗new‘ science, since decades of experimental research into inactivity 
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physiology has provided the platform upon which mechanistic investigations can be pursued to 
further elucidate the impact of prolonged sitting. Specifically, human studies involving bed rest 
and space flight, along with animal experimental models whereby physically inactive states have 
been imposed, have been able to characterize numerous biological and physiological responses. 
These include muscle atrophy, muscle insulin resistance, reduced capacity to use fat as a 
substrate or produce ATP, a shift in muscle fibers toward fast-twitch glycolytic type, ectopic fat 
storage and increased central and peripheral adiposity (4, 74); and in animals, suppressed 
lipoprotein lipase activity in skeletal muscle (5).  
 
Building on these insights from inactivity physiology research, the recent sedentary 
behavior research is nuanced by an emphasis on experimental models that are solutions-focused 
that is, understanding the impact of various counter-measures to offset the deleterious health 
impacts of prolonged sitting. This focus is consistent with the broadly-stated recommendations 
that several countries have already started to promulgate within their physical activity guidelines 
to reduce the total time spent sitting, and in the case of Australian guidelines, to regularly 
interrupt sitting time (10). From a behavioral perspective, activity is defined as being the 
reciprocal of sedentary behavior (sitting). Invariably, the counter-measures employed in such 
studies to interrupt prolonged sitting necessitate standing and/or movement. Several randomized 
trials employing cross-over study designs have consistently shown clinically meaningful acute 
improvements in postprandial glucose metabolism following the initiation of frequent (every 20–
30 min) short (2–3 min) interruptions during prolonged sitting involving either light-intensity or 
moderate-intensity ambulation, standing, or simple resistance activities (3). Some have also 
demonstrated improved responses in blood pressure (23, 44, 79, 80), lipid metabolism (22, 26, 
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33), hemostatic markers (34) and endothelial function (63, 73). In a recent meta-analysis of 
experimental studies, Chastin et al. (15) confirmed beneficial effects on glycemic control with 
interruptions in sitting involving both light-intensity physical activity and moderate-vigorous 
intensity physical activity. While the meta-analysis showed that interrupting prolonged sitting 
with short periods of standing did not appear to be a sufficient activity to induce acute benefits, 
this conclusion was based on only two studies. One more recent experimental study of 
overweight adults showed that replacing 2.5 hours of sitting with standing, over the course of a 
simulated 8-hr workday, was associated with significant improvements in blood pressure and 
glucose (19, 79).  
 
Although the evidence from human experimental studies targeting reducing and 
interrupting prolonged sitting time is supportive of the epidemiological evidence, much still 
remains to be understood. To date, most experimental studies have focused on healthy or 
overweight/obese adults, attention should be directed at elucidating the effects in other 
population sub-sets, specifically those with existing chronic disease and older adults, who are the 
most sedentary age-group. Interestingly, two recent studies have demonstrated that the beneficial 
effects of breaking up prolonged sitting time on postprandial glycemia may be more pronounced 
in those with existing states of dysglycemia (22, 33). A randomized cross-over trial in 24 adults 
with type 2 diabetes demonstrated marked (~30-40%) improvements in postprandial glucose, 
insulin and C-peptide when 8 hours of prolonged sitting was interrupted every 30 mins with 3 
min bouts of light-intensity walking, and separately also for 3 min bouts of simple resistance 
activities (calf raises, half-squats, gluteal contractions and knee raises) (22). Similarly, sizeable 
(~8-16 mmHg) reductions in blood pressure were observed for both counter-measures relative to 
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uninterrupted sitting, with the effects being more pronounced with the simple resistance activity 
interruptions (23). Another laboratory-based study in 22 overweight/obese dysglycemic 
postmenopausal women at high risk of type 2 diabetes, showed that compared to 7.5 hrs of 
prolonged sitting, interrupting sitting every 30 mins for 5 mins with either standing (in a fixed 
position) or separately, light-intensity walking, significantly reduced postprandial glucose, 
insulin and nonesterified fatty acids (33). Collectively, these findings suggest that frequently 
breaking up prolonged sitting with light-intensity physical activities and even standing, may be 
of particular benefit to those who are already affected by disturbances in glucose metabolism. 
Furthermore, frequent interruptions in prolonged sitting involving simple resistance activities or 
standing may have practical advantages in specific settings such as the workplace. 
 
These experimental studies provide important physiologic insight into the risks of 
sedentary time and possible types and intensities of physical activity that may mitigate the risks 
of sedentary behavior. Well-controlled studies can also help answer practical questions from a 
mechanistic standpoint, such as how frequent should breaks be? or can I sit longer if I run? 
Ultimately, the next critical step is to examine the transience of these physiological adaptations 
over time through daily exposure to reducing and frequently breaking up prolonged sitting time 
with brief periods of activity on various health risk markers in experimental and intervention 
studies.  
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Re-thinking behavioral determinants and frameworks to address sedentary behavior 
 
Based on the experimental and observational evidence of the risks of sedentary 
behaviors, behavioral scientists have begun to test interventions that aim to reduce overall sitting 
time and change patterns of sedentary accumulation (i.e., breaks). Broadly, this research aims to 
identify; 1) if there are health benefits of reducing or breaking up sitting time; 2) how these 
benefits compare to traditional exercise interventions; and 3) whether interventions can be 
developed that promote sustained increases in both low and moderate-vigorous intensity activity. 
In many ways this work is an extension of seminal exercise trials in the 1990‘s that showed 
similar improvements in cardiorespiratory fitness and blood pressure from a lifestyle exercise 
program that promoted integrating moderate-intensity activity into daily routines as compared to 
a traditional structured exercise program (24). The intervention efforts related to sedentary 
behavior have extend this work by identifying new behavioral targets (i.e., sitting, breaks from 
prolonged sitting), different behavioral determinants, and focusing on promoting standing, and 
lower intensity activity in addition to moderate intensity activity.  
 
The many factors that influence health-related behaviors, like participation in regular 
exercise or sedentary behaviors, are commonly placed within a social-ecological framework, 
which posits that behavior is determined by multiple interacting factors at the individual, social, 
environmental (both micro- and macro-level), and policy levels. These frameworks inform our 
efforts to understand the factors that can influence our behavior as well as the theoretical 
underpinnings for our strategies to change behavior (53). Over the last 30 years we have 
developed a strong empirical evidence-base describing the various factors which positively and 
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negatively influence the adoption and maintenance of exercise, especially at the individual (e.g., 
beliefs, health status, motivation) and social (e.g., norms, modeling) levels (40).  These strategies 
to modify beliefs and attitudes to change behavior have been relatively successful in improving 
exercise behaviors and are now commonplace in population-level evidence-based programs. 
Interestingly, many of these same factors do not seem to predict sedentary behavior (9, 62).   
 
The evidence available on how to effectively intervene on sedentary behavior is in its 
infancy compared to exercise, but much progress has been made recently. We review this 
evidence below, with an emphasis on how determinants- and thus intervention strategies for- 
sedentary behavior are unique from intervention targeting purposeful exercise. Owen et al. 
(2010) argued that the ubiquitous, habitual, and socially-reinforced nature of sedentary behaviors 
are likely to point to unique determinants that are not shared with our traditional strategies used 
to increase exercise participation (58). As a result, when theories and intervention approaches 
developed for exercise behavior have been employed to modify sedentary behavior they have 
been less successful (61). This may be due in part, to differences in motivational processes 
between exercise and sedentary behavior. The decision to exercise is often planned and effortful 
(at least initially) whereas the choice to sit is often spontaneous and effortless. Future theories 
may need to account for the ubiquitous and habitual nature of sedentary behavior in order to 
produce sustainable, individual-level reductions in sedentary time and therefore increases in 
daily physical activity.  
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At the environmental level, new research suggests that the determinants of sedentary 
behavior are unique in home, school, and workplace environments as compared to exercise; 
therefore, the behavioral strategies employed to reduce sedentary behavior in these diverse 
contexts must also be unique (21, 43). For example, macro-environmental features (i.e., built 
environment) have consistently been shown to be an important determinants of exercise, and the 
provision of physical structures (e.g., parks, sidewalks) and neighborhood destinations (e.g., 
mixed land use) are important to support active lifestyles (64, 65). Exercise promotion has 
largely focused on environmental changes within this exterior built-environment (e.g., walking 
paths, parks). These macro-environmental features remain an important public health focus and 
may play an important role in both promoting exercise and reducing sitting time (e.g., replacing 
sedentary driving with active transport) (65). However, on the basis of available evidence, micro-
environments that make up the immediate contexts in which we live, work, and play, appear to 
be more important for reducing sedentary behavior. For example, in the home environment, 
strategies have focused on television viewing reduction (e.g., (57)). In school environments, the 
focus has been on broader interventions targeting changes to the school environment to increase 
overall activity and decrease sedentary time (e.g., (66)). Furthermore, it is likely that 
environmental factors that influence sedentary time are closely tied to the social and temporal 
contexts in which they occur, suggesting a need to consider motivational processes that vary 
between and within days as well.  
 
Collectively, research suggests that simply targeting exercise behaviors will not result in 
an automatic decline in sedentary behavior (61). A major challenge for efforts to increase overall 
activity is understanding how the determinants of exercise and sedentary behavior are similar 
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and different across the levels of the social-ecological model and ultimately developing 
evidence-based approaches to target both behaviors. In the next sections, we highlight new 
research that seeks to understand how to intervene effectively on sedentary behavior. First, we 
review the determinants of sedentary behavior within micro-environments, with a special focus 
on strategies within workplace environments where adults accumulate a high volume of 
sedentary time. Second, we highlight new research that considers time-varying motivational 
processes and dual-process approaches to identify determinants of sedentary time. Third, we 
present preliminary evidence that illustrates how sensitivity to the temporal dimension of 
sedentary behavior can produce novel intervention approaches.  
 
 
New Behavioral Interventions: Changing the micro-environment where we work and live  
 
Changes in sedentary time may need to focus on more micro-environmental changes 
within the home, school and workplace. Jobs requiring moderate-vigorous physical activity have 
reduced by 58% in the last 50 years and occupational physical activity has decreased by an 
estimated 142 kcal/day (17). Employed adults spend an average of 7.8 hr/day at work, which 
accounts for the largest portion of the day, excluding sleep (12). Workplace sedentary behavior is 
an important behavioral target of interest given the emerging physiological evidence and the 
ubiquity of sitting in most workplace environments. The evidence on workplace intervention has 
focused on contextual/environmental factors as primary strategies for reducing sedentary 
behavior. 
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Individual-level approaches focused on reducing sedentary behavior in the workplace 
have included primarily the use of computer prompts or walking or other physical activity-based 
interventions; however, these approaches have largely been unsuccessful (61, 69). Some have 
argued that, given the demands of the workplace to remain engaged in work activities, strategies 
must focus on environmental provisions that allow postural changes and increased activity 
without harming productivity. The most common environmental approach has been the use of 
‗activity-permissive‘ workstations (i.e., treadmill desks, pedal desks, height-adjustable 
workstations). Neuhaus et al. reported the results of a meta-analysis of 38 studies with a pooled 
effect size of 77 min reduction in sedentary time/8-h workday (56). However, other health-
related outcomes showed no impact. The efficacy of the interventions reviewed was highly 
variable, and the authors noted large variations in study quality and the vast majority of the 
studies only reported short-term outcomes (≤3 months). More recently, Tew et al. conducted a 
systematic review of controlled trials (both randomized and nonrandomized) of the efficacy of 
height-adjustable workstations only on occupational sitting time (72).  All studies included a 
control condition with no environmental change and all studies showed significant reductions in 
occupational sitting relative to control. However, it should be noted that the authors rated all of 
the studies of low methodological quality with high risk for selection bias (i.e., due to 
nonrandomized designs). Given the dependency among workers within worksites, it has not been 
feasible to adequately test the efficacy of activity permissive workstations when the unit of 
observation is the individual. Recently, two important cluster-randomized trials have addressed 
this limitation by selecting worksites as the unit of randomization (20, 31). Both studies 
delivered programs that targeted individual, social, environmental, and policy factors, alongside 
the installation of sit-stand workstations, to reduce sedentary time. Danquah et al., in a 3-month 
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intervention among 317 Danish public and private health workers across 19 worksites observed 
48 min/8-hr workday reductions relative to a usual practice control (20) . Healy et al., in a 12-
month intervention of 231 Australian public health workers across 14 worksites observed 45 
min/8-hr workday reductions relative to a usual practice control (31).  These most recent studies 
have addressed many of the critical issues identified by a recent Cochrane Review on the 
efficacy of activity-permissive workstations (69) and have provided promising evidence that 
workplace interventions incorporating sit-stand workstations along with complementary multi-
level strategies can produce sizeable reductions in sedentary time. These changes, when viewed 
alongside risk estimates from epidemiological studies, are likely to lead to improvements in 
health outcomes. However, important limitations still exist related to the long-term efficacy of 
this approach at sustaining behavior change, the translation of this approach in diverse types of 
worksite, and the cost-effectiveness of this approach relative to other health promotion activities. 
 
Modifying environments remains an important strategy for reducing sedentary behavior 
in work, home, and school environments. These structural changes are likely necessary for 
sustained behavior change to occur, as without these changes it is difficult for individuals to 
reduce sedentary behavior substantially while still carrying out the desired activities within that 
context (e.g., maintaining productivity at work, leisure pursuits or household tasks at home, 
desk-based work at school). But they might not be sufficient. 
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New Behavioral Determinants: Targeting motivational processes  
 
 Although environmental changes to the workplace may elicit sustainable changes in 
behavior, they are also context dependent and unlikely to translate to other important behavioral 
domains. Furthermore, environmental changes alone do not address the basic motivational 
processes that that are needed to modify behavior. New approaches are needed that address 
sedentary time from an individual (motivational) level. Below we identify two main gaps that 
should be addressed in efforts to induce sustainable, individual-level changes in sedentary time.  
 
First, the temporal dimension of sedentary behavior, or the manner in which these 
behaviors vary within and between days, has largely been overlooked in prior work. At a 
descriptive level, it is clear that sedentary behavior varies as a function of the social calendar. 
College students engage in more sedentary behaviors from Tuesday through Friday than from 
Saturday through Monday (18). A similar pattern emerged with the Raine study cohort of young 
adults in Australia who had a lower ratio of sedentary behavior to light physical activity on 
Fridays and Saturdays (54). This cohort also revealed an interesting within-day temporal pattern 
such that sedentary behavior was most likely before 7am or after 8pm. At the other end of the 
lifespan, older adults exhibit a more equivocal pattern. They report being more sedentary mid-
week than on weekends but this pattern did not replicate with objective measures (48). Variance 
decompositions consistently indicate that roughly half of the variance in daily sedentary time is 
attributable to between-person sources and the remaining variance can be attributed to within-
person sources. Figure 2 shows that the strength of intentions to limit sedentary time varies from 
day to day as well. These daily fluctuations in the strength of both intentions and plans to limit 
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sedentary time are negatively associated with daily fluctuations in sedentary behavior (18, 48). 
These associations indicate a substantive nature to the within-person variation and call for more 
attention to explain and control that variation. Such variation may also require more frequent 
within-person sampling or increase total sample size requirement in future studies. Thus, 
consideration of the temporal context of behavior can both increase predictive power and 
facilitate targeting of interventions to high-risk days or times. For the most part, contemporary 
behavioral theories do not account for time-varying motivational processes. The major 
exceptions in the health domain are recent proposals to extend behavioral theories using 
feedback principles from engineering; these dynamic approaches have recently been applied with 
sedentary behavior (2, 70). 
 
The second major barrier to progress in understanding and modifying sedentary behavior 
is the emphasis on a limited range of motivational processes. Health behavior theories typically 
assume that people make rational choices about their behavior based on the beliefs about their 
capabilities, the difficulty of the behavior, and the value of outcomes associated with the 
behavior. Core explanatory constructs in these theories include intentions, efficacy beliefs, and 
behavioral feedback. These constructs are all reflective in nature; that is, they are effortful and 
relatively slow processes because they require rule-based cognitive processing or elaboration of 
the expected utility of behavioral options (14, 36). The capacity for reflective processing to self-
regulate is widely thought to be finite so people often struggle to sustain this kind of effortful 
self-regulation for extended periods of time (35).  
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In contrast, there are parallel motivational processes which are described as automatic or 
impulsive because they are effortless and relatively fast in comparison to reflective processes. 
These automatic processes are based on associations that are learned (i.e., conditioned) over time 
between a behavior and experienced outcomes. These processes are often initiated automatically 
when people encounter cues that they have learned to associate with behavioral scripts, that is, 
when people have habits. Consider this oversimplified example: when a person with a strong 
habit for watching television enters their home, the mere sight of the remote control may increase 
the odds of turning on the television without any effortful processing on her or his part. Masking 
the cue – in this case, hiding the remote control – may be sufficient to eliminate the behavioral 
advantage of strong habits for sedentary behavior.  
 
Dual-process models of motivation and behavior are based on the idea that reflective and 
automatic processes operate in parallel. All else being equal, automatic processes will govern a 
substantial share of human behavior but habits (and other automatic processes) can be overridden 
with effortful reflective processes (78). Automatic processes are an emerging priority for health 
behavior researchers (49, 68). Daily sedentary behavior has been associated with both reflective 
and automatic processes at both extremes of the adult lifespan (18, 48). Regardless of age, people 
with stronger habits for sitting spend more time engaged in sedentary behavior but daily 
fluctuations in both intentions and planning to limit sedentary behavior can interrupt those habits 
and reduce sedentary behavior.  
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Based on these findings, an opportunity has arisen to push beyond the status quo and 
enrich theories as they relate to sedentary behavior with both a temporal dimension and attention 
to automatic motivational processes. The most generative theories will account for where people 
engage in sedentary behavior as well as when and why they engage in that behavior. Detailed 
recalls that reveal the context of previous day activity and sedentary time (i.e., time use data, 
previous day recalls) may be particularly valuable in developing such theories (12, 50).  
Elaborating on these additional features of sedentary behavior will open new intervention 
possibilities. 
 
 
Emerging intervention approaches to target sedentary behavior 
 
Several intervention approaches that reinforce ―natural‖ breaks in sedentary time have 
been tested (e.g., printing to a printer on a different floor) and shown to induce modest changes 
in sitting time. (61) An exciting recent development in sedentary behavior intervention design 
has been the just-in-time approach, which capitalizes on the temporal features of sedentary 
behavior. Just-in-time interventions are triggered when sedentary behavior exceeds a pre-
determined threshold (e.g., 90 minutes without standing for at least one minute). In one of the 
earliest examples with sedentary behavior, feedback from the computer keyboard and mouse 
were used to identify extended periods of sedentary behavior and trigger intervention prompts 
(75). This approach may be effective for desk workers while they are at their desks but it is 
context-limited. Others have tried to loosen this spatial leash by using smartphones to trigger 
notifications when extended periods of inactivity have been detected (8, 59). Although it is 
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difficult to detect sedentary behavior ―in the wild‖ with smartphones alone, prompts triggered by 
extended periods of inactivity have proven to be effective at reducing sedentary time. For 
example, Bond and colleagues recently reported that prompts for 3-minute breaks after 30 
minutes of inactivity or 6-minute breaks after 60 minutes of inactivity reduced daily sedentary 
behavior by 47.2 or 44.5 minutes, respectively (whereas prompts for 12-minute breaks after 120 
minutes of inactivity only reduced daily sedentary behavior by 26.2 minutes) (8). This example 
highlights how physiologic findings on the benefits of breaking-up sitting can be directly 
translated into new intervention goals (22, 25). This trial also provides evidence to inform the 
temporal thresholds that will trigger interventions. Another approach for determining the optimal 
temporal threshold is the microrandomized trial (41). These trials randomly vary (within 
participants) the duration of sedentary time needed to trigger an intervention. Results lead to the 
specific decision rules for triggering just-in-time interventions. These decision rules can even be 
optimized to target different contexts or populations (e.g., a 30 min threshold may optimize 
behavior change at home whereas a 120 min threshold may optimize behavior change at 
worksites) 
 
Another persistent challenge with just-in-time interventions is our limited understanding 
of the proximal antecedents of sedentary behavior (i.e., behaviors/actions occurring immediately 
prior to sedentary behavior). The cues that trigger habitual behaviors are likely to vary from one 
person to the next based on their individual learning histories. People may not even be aware of 
the cues that trigger their habits! Absent advance information about cues, temporal thresholds 
have been used as intervention triggers but those may not be optimal either. In practice, it can be 
difficult – or simply too disruptive – to interrupt ongoing sedentary behavior when competing 
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motivational incentives are often present to facilitate sedentary behavior (e.g., rewards from 
eating, entertainment, or social activity). In this case, it may be wise to shift our focus away from 
using risk-based vulnerabilities (e.g., extended sedentary behavior) to trigger intervention and 
toward reward-based opportunities to initiate competing behaviors that require a transition to an 
upright and more physically active state. This shift in emphasis may require deeper consideration 
of the contextual cues that can initiate standing and walking but may be overlooked. We 
anticipate that interventions for reducing sedentary time will be most effective if they are timed 
to interrupt habitual sedentary behavior before it starts. Thus, interventions need to (a) improve 
effortful down-regulation of sedentary behavior via reflective motivational processes (e.g., form 
plans for when, where, and how to reduce sedentary behavior), (b) reduce the reward value of 
sedentary activities that reinforce habit strength (e.g., watch entertaining shows standing up and 
sit for commercials), and (c) capitalize on available cues for alternative, rewarding activities that 
involve standing and walking (i.e., leverage other habits that would predispose a person to 
standing or walking to displace sitting time). Advances in wearable technology and data science 
are opening new possibilities for capturing behavior in different contexts. These tools may 
uncover the cues that are essential for understanding and modifying this high-volume habitual 
behavior. 
 
 
Summary and Future Research Questions 
 
This review provided a state of the knowledge update on the robust body of evidence that 
has emerged, primarily within the past five years, related to sedentary behavior and health 
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impacts among adults. A notable feature of this body of evidence is the synergistic, solutions-
oriented research across the behavioral research framework that has led to specific, actionable 
studies that ultimately may inform future public health recommendations (Figure 1). Building on 
some of the landmark studies on lifestyle physical activity, much progress has been made in 
recent years in understanding the etiology and behavioral aspect of sitting. This work has raised a 
host of new research questions and some of the most pressing questions are summarized in Table 
1. 
 
Both observational and experimental evidence indicates benefits for replacing sedentary 
behavior with a range of physical activities, including light-intensity activities of everyday living 
that were not previously recommended as ―health-enhancing‖ behaviors (60). Prospective 
reductions in sedentary time are associated with lower mortality and disease risk, highlighting 
the need for effective interventions. Experimental studies have provided evidence regarding the 
physiologic and cardiometabolic benefits of breaking up and reducing sitting time, and these 
studies provide biological support for the epidemiologic studies and have informed workplace 
interventions designed to increase the number of daily breaks from prolonged sitting.  More 
research is needed to reveal the timing and patterning of different postures/ behaviors/ intensities 
that are linked with health. Prospective observational evidence is needed to understand the 
optimal balance between different activity intensities and how patterns of behaviors affects hard-
disease end-points. Experimental studies that manipulate sedentary behavior and the frequency 
and duration of breaks for longer-periods of time will directly inform intervention targets (Table 
1). 
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The critical next step for the field is to translate the observational and experimental 
findings into feasible and effective interventions that complement and extend our efforts to 
promote moderate-vigorous aerobic physical activity. Application of existing behavioral theories 
and intervention methods that have been found to be effective for facilitating the adoption and 
maintenance of exercise have been less successful when targeting sedentary behavior as a means 
to increase daily activity.  Recent behavioral research has led to new thinking about the 
differences and similarities in the determinants of these two distinct behaviors (sedentary and 
exercise) and has led to interventions targeting the microenvironment as well as a search for 
specific determinants of sedentary behaviors.  New evidence about the within- and between-day 
variations in sedentary behavior is infusing a sensitivity to time-varying motivational processes 
into health behavior theory.  Future research in the behavioral domain should focus on answering 
questions regarding identifying where and why people are sedentary to identify cues that may be 
modifiable (Table 1).  
 
In closing, we shaped this review to stimulate new research, improve interventions and 
increase the efficacy of intervention efforts that seek to reduce sedentary time. It is worth noting 
that the benefits of reducing or replacing sedentary time with light intensity activity appear 
stronger for those who are less active (6, 51, 52). Future research should examine the health-
impact of longer-term sedentary time reduction in less active populations, including those with 
chronic conditions and older adults. Ultimately, if such interventions are efficacious for 
improving health, it will be important to evaluate whether increases in activities of daily living 
can ―pave the way‖ for promoting enhanced participation in moderate-intensity exercise. If not, 
sequential or parallel interventions will be necessary to explicitly target increases in moderate-
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vigorous intensity exercise, which remains the most robust and evidence-based target for activity 
interventions to improve health. Given the inverse relationship between sedentary behavior and 
physical activity, new intervention approaches that seek to reduce sitting and harness the 
powerful health benefits of physical activity are likely to improve human health.    
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Figures 
 
Figure 1: Framework for the science of sedentary behavior encompassing epidemiological, 
physiological, behavioral and translational research disciplines 
 
Figure 2: Illustration of day-to-day fluctuation in sedentary time in 8 individuals 
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Figure 2 
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Table 1. Major questions and future directions in sedentary behavior research domains 
 
 
Observational Behavioral determinants and theories 
 
 What is the optimal balance between 
sedentary behavior and physical activity for 
better health? 
 How much total (across all domains) 
physical activity is required to eliminate 
excess health risks associated with sitting 
for 8-10 hours per day? 
 Is the pattern by which sedentary time is 
accumulated (e.g., long versus short bouts) 
associated with hard-disease end-points? 
 What are the disease and mortality 
associations for sedentary behavior and 
activity as measured by objective postural 
and activity monitors?  
 
 
 Can behavioral theories that account for 
where people engage in sedentary 
behavior as well as when and why they 
engage in that behavior improve the 
efficacy of interventions?  
 What advance cues increase the 
probability of excessive sedentary 
behavior bouts and how can those cues 
be modified? 
 Which competing behaviors are most 
amenable to modification to reduce 
sedentary behavior? 
 What automatic processes (in addition to 
habits) play a role in regulating sedentary 
behavior? 
Experimental Behavioral Change Interventions 
 
 What is the range of activity perturbations 
from sitting (e.g., frequency, length and 
type/mode of interruptions in sitting) that 
can produce health benefit?  
 What other mechanistic candidates are 
impacted during prolonged sitting 
including the autonomic nervous, 
muscular, skeletal, cardiovascular and 
cerebrovascular systems, hemodynamics, 
inflammation and cognitive processing? 
 Are metabolic changes observed 
chronically in experimental studies (i.e., 
beyond single or two consecutive day 
studies)?  
 
 
 What behavior change techniques can be 
added to minimal micro-level 
environmental changes to optimize 
sedentary behavior change? 
 Do longer-term (i.e., at least 6 months) 
interventions that reduce and break-up 
sitting time impact cardiometabolic disease 
risk factors? 
 How can automatic motivational processes 
be targeted effectively to reduce the 
duration or alter the patterning of sedentary 
behavior? 
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